•Original research article• Background: Alzheimer's disease (AD) has high a prevalence rate, high medical costs, and care difficulties, and has become a serious social and economic problem in our aging society. So far, there has not been a reliable and objective diagnostic criteria for AD found. In recent years, there have been many domestic and foreign studies on the biological markers of cerebrospinal fluid in the patients with AD, and high levels of the T-tau, P-tau found in cerebrospinal fluid (CSF) is at this point an indisputable fact. However, the relationship between these markers and the severity of dementia, as well as the development of the disease, should be further studied. Objective: Compare the CSF level of total tau (T-tau) and phosphorylated tau at threonine 231 ( P-tau 231 ) between patients with moderate to severe Alzheimer's disease (AD) and those with vascular dementia (VD) at baseline, and 6 month follow-up. Observe the differences between patients with AD and control group, as well as the changes as the disease develops. Methods: There were 11 patients with moderate AD (10 ≤ MMSE ≤ 20), 10 patients with severe AD (MMSE ≤ 9), and 7 age-matched patients with severe VD at baseline, among which 7 AD patients and 6 VD patients completed the 6 months follow-up. CSF levels of T-tau, P-tau231 were measured with sandwich ELISA. Result: At baseline, the concentrations of the CSF level of T-tau were 470.08 (263.58) pg/mL in the AD group and 208.76 (42.24) pg/mL in the VD group. This difference was statistically significant (Z= -3.369, p <0.001). The concentrations of CSF level of P-tau 231 were 90.94 (49.86) pg/mL in the AD group and 42.96 (13.10) pg/ mL in the VD group. This difference was also statistically significant (Z = -3.237, p <0.001). Compared to patients with severe VD, the concentration of CSF T-tau in patients with severe AD was significantly higher (Z= -2.830, p = 0.005), as well as the concentration of CSF P-tau 231 (Z = -2.392, p = 0.017). The concentration of CSF P-tau 231 in the patients with moderate AD was significantly higher than that in the patients with severe VD (Z = -2.605, p = 0.009). At the 6 months follow-up, there were no statistically significant differences in the changes of CSF T-tau and CSF P-tau 231 concentrations between the AD group and VD group. Conclusion: The CSF level of T-tau and P-tau 231 in the AD patients was significantly higher than that in the VD patients. The concentration of CSF P-tau 231 in the moderate AD patients was significantly higher than that in the patients with severe AD. During the 6 months follow-up, the changes of the CSF concentrations of T-tau and P-tau 231 between AD group and VD group were not statistically significant.
Background
Alzheimer's disease (AD) is a primary degenerative brain disease with that develops slowly, has insidious onset and is irreversible. Cognitive impairment is considered the prominent clinical feature in AD. Since the first clinical report by Alzheimer Alois in 1907, it has been studied for more than 100 years. The typical pathological features of AD are extracellular senile plaques (plagues senile, SPs) and intracellular neurofibrillary (NFTs) [1] AD is the most common type of dementia in the elderly. According to epidemiological data and autopsy reports, 50% to 70% of patients with dementia also had AD. It is an age related disease, where the prevalence rate in people over 65 years older is about 5.9%. There are about 10 million individuals with AD in China. Persons with AD tend to have a higher prevalence of disease, high mortality rate, long duration of illness, high medical costs and care difficulty. All of these AD related issues have combined to make Alzheimer's one of the most serious social and economic problems in China's rapidly graying society. Despite the magnitude of this problem and the massive efforts underway to study and prevent it, there has to date been no reliable and objective diagnostic criteria found for AD. In recent years, there have been many studies on the biological markers of cerebrospinal fluid in patients with AD, and the high level of the T-tau, P-tau founded in cerebrospinal fluid (CSF) is at this time an indisputable fact. However, the relationship between these markers and the severity of dementia, as well as the development of the disease, should be further studied. Some researchers suggested that tau protein in cerebrospinal fluid was related to the severity of dementia, but many follow-up studies have not found its changes. In addition, there are few research studies focused on severe dementia. Therefore, in our study, we divided the AD patients into a moderate AD group (10 ≤ MMSE ≤ 20) and a severe AD group (MMSE ≤ 9) according to the Mini Mental State Examination (MMSE) [2] , and compared the cerebrospinal fluid concentration of T-tau and P-tau with the patients with severe vascular dementia (VD). Additionally we observed the changes of the disease development at a 6 month follow-up. th edition (DSM-IV). MMSE scores were interpreted in the following manner: score of 17 or under was considered as having no education, a score of 17 to 20 was considered having a primary school education, and a score of 20 or above was considered having a secondary education or above. Scores of 10 or above on the Hamilton Depression Scale (HAMD) and 4 or more on the Hachinski ischemia idex were considered significant. Cases were excluded from this study based on the history of illness, or because of the results of other physical, mental or imaging (i.e. CT or MRI) examinations (we excluded cases with dementia caused by other diseases or because of use of psychoactive substances).
Methods

Participants
The vascular dementia group was made up of 7 outpatients and inpatients seen from September 2007 to March 2009 at the geriatrics department of the Shanghai Mental Health Center. All participants in this group met the diagnostic criteria for vascular dementia according to the DSM-IV. Cases with dementia caused by other diseases or psychoactive substances were excluded. All participants or their guardians provided written informed consent to participate in this study. This study was approved by the ethics committee of the Shanghai Mental Health Center.
According to the MMSE score, severity of dementia was rated as mild (MMSE > 20), moderate (10 ≤ MMSE ≤ 20), or severe (MMSE ≤ 9). The AD group was divided into the moderate AD group (11 cases) and severe AD group (10 cases), and all the patients of the VD group had severe dementia. All patients were treated with standard therapy treatments for dementia.
We carried out assessment using scales and alumbar puncture to collect the patients' cerebrospinal fluid at baseline and after 6 months. 33.3% (7/21) of the participants with AD and 85.7% (6/7) of those with VD completed the scale assessments and collections of cerebrospinal fluid at both baseline and after 6 months. At baseline, we compared the cerebrospinal fluid levels of T-tau and P-tau 231 between the AD group and VD group, severe AD group and severe VD group, moderate AD group and severe AD group. We also compared the cerebrospinal fluid levels of T-tau and P-tau 231 at baseline and after 6 months between the AD group (7 patients) and VD group (6 patients).
Sample collection and laboratory examination
A lumbar puncture was performed on all participants to collect samples of cerebrospinal fluid in a 3ml sterile polyacrylamide tube. The samples were placed on ice and centrifuged for 15 minutes at 4 O C and 3500 rpm. In order to avoid repeated freezing and thawing, the samples were sub-packed and frozen at -80 O C for testing. It took a total of 2 hours from collecting of the samples to storage in the refrigerator. The laboratory examinations were conducted in the biochemical laboratory at the Shanghai Mental Health Center.
E L I S A k i t s w e r e u s e d t o d e t e r m i n e t h e concentrations of T-tau and P-tau 231 of the samples. The kits were invitrogen TM T-tau (No. KHB0042) and P-tau 231 (No. KHB7051), which are produced by an American Biosource company. Molecular devices of the DENLEY DRAGON Wellscan MK 3 (Thermo company, Finland) were used to read the absorbance value at 450nm. Ascent software for Multiskan was used to directly read the samples' concentrations.
T-tau test: (1) the reagent kit and the sample were at room temperature for 30 minutes, and then the reference standards were prepared at the following concentrations: 2000, 1000, 500, 250, 125, 62.5, 31.2 pg/mL. (2) The samples and reference standards were added with a different concentration into the 96 hole plate which had been wrapped, then were incubated for 2 hours at room temperature. (3) the plate was washed, and the first antibody was added, and was incubated for 1 hour at room temperature. (4) the plate was washed, and the second antibody was added labeled with horseradish peroxidase, and incubated for 30 minutes at room temperature. (5) the plate was washed, and color agent was added, incubating for 30 minutes at room temperature. (6) termination solution was added, and the absorbance value was read at 450 nm.
P-tau231 detection: (1) the reagent kit and the sample were placed at room temperature for 30 minutes, and then the reference standards were prepared at the following concentrations: 800, 400, 200, 150, 25, 12.5, pg/mL. (2) the samples and reference standards were added with different concentrations into the 96 hole plate which had been wrapped, then the first antibody was added and incubated overnight at 4 o C. (3) the plate was washed, and the second antibody labeled with horseradish peroxidase was added, and allowed to incubate for 30 minutes at room temperature. (4) the plate was washed, and color agent was added, and allowed to incubate for 30 minutes at room temperature. (5) termination solution was added, and the absorbance value was read at 450 nm. SPSS 17 .0 was used for the data analysis. Fisher's exact test was used to test data related to gender, education, etc. Since our sample size was small, the Mann-Whitney test was used to test data related to age, age of onset, history of illness, MMSE score, and concentration of tau protein. Wilcoxon signed rank test was used to compare data at baseline and after 6 months follow-up.
Statistical analysis
Results
Comparisons of the cerebrospinal fluid
concentrations of T-tau and P-tau 231 between the AD and VD groups at baseline.
General demographic data and MMSE scores
The AD group AD was made up of 6 males (28%) and 15 females (71%). One participant was illiterate (5%), 10 participants (48%) had a primary school education, and 10 participants (48%) had a secondary school education. Age of participants ranged from 54 to 89 years old and the mean (sd) age was 73 (10) . History of illness ranged from 2 to 15 years and the mean (sd) was 5(3). The age of onset ranged from 51 to 86 years and the mean (sd) age of onset was 68 (10) years. MMSE scores ranged from 0 to 20 with a mean (sd) of 8.6 (7.1). (see table 1 ).
The VD group was made up of 2 male participants (29%) and 5 female participants (71%). Education level of VD group participants was the following: 2 participants (29%) were illiterate, 3 participants (43%) had a primary school education, 2 participants (29%) had a secondary school education. Age of participants ranged from 74 to 82 years old with a mean (sd) age of 78 (3) years. The total history of illness was 4 to 10 years with a mean (sd) of 7.3 (2.4) years. The age of onset ranged from 64 to 78 years with a mean (sd) of 71 (5) years. MMSE scores ranged from 0 to 3 with a mean (sd) of 1.0 (1.1). (see table 1 ). There were no statistically significant differences in gender (χ2=0.000, p = 1), age (Z = -1.331, p = 0.192), education level (χ2=2.936, p= 0.247), and age of onset (Z = -0.931, p = 0.367) between the two groups. The differences in the history of illness (Z = -2.032, p = 0.042) and MMSE scores (Z = -2.026, p = 0.043) between the two groups were statistically significant, with the VD group having a longer history of illness and more serious cognitive impairment. (see Table 1 ). 231 between the two groups The CSF mean (sd) concentration of T-tau in the AD group was 470.08 (263.58) pg/mL and 208.76 (42.24) pg/mL in the VD group. The CSF mean (sd) concentration of P-tau 231 was 90.94 (49.86) pg/mL in the AD group and 42.96 (13.10) pg/mL in the VD group. The differences of CSF concentrations of T-tau (Z= -3.369，p <0.001) and P-tau 231 (Z = -3.237，p <0.001) between the two groups were both statistically significant (see Table  1 ).
Comparisons of the cerebrospinal fluid (CSF) concentrations of T-tau and P-tau
Comparisons of the cerebrospinal fluid
concentrations of T-tau and P-tau 231 between the severe AD group and the VD group at baseline.
General demographic data and MMSE scores
In the severe AD group there were 3 (30%) males and 7 (70%) females. Education level was the following: 1 person was illiterate, 3 participants had a primary school education and 6 participants had a secondary school education or above. Ages ranged from 63 to 86 with a mean (sd) age of 77 (8.2) In the severe VD group there were 2 males (29%) and 5 females (70%). Educational level was the following: 2 participants were illiterate, 3 had a primary school education and 2 participants had a secondary education or higher. The mean (sd) age was 78.1 (3.2) years. The mean (sd) history of illness was 7.3 (2.4), and the mean (sd) age of onset was 71 (5.1) years. The mean (sd) MMSE score for the severe VD group was 1.0 (1.1). (see table 2) There were no statistically significant differences in gender (χ2=0.000, p=1.000), age (Z=-0.293, p =0.769), education (χ2=1.921, p= 0.536), age of onset (Z=-1.745, p=0.081) , history of illness ( Z=-0.049, p=0.961), and MMSE scores (Z=-0.106, p=0.916) between the two groups (see Table 2 ). 231 between the severe AD and VD groups The differences of CSF concentrations of T-tau (Z=-2.830, p=0.005) and P-tau 231 (Z=-2.392, p=0.017) between the two groups were both statistically significant. The CSF concentrations of T-tau and P-tau 231 in the severe AD group were higher than those in the VD group (see Table 2 ). 
Comparisons of the cerebrospinal fluid concentrations of T-tau and P-tau
General demographic data and MMSE scores
In the moderate AD group there were 3 males (27%) and 8 females (73%). In terms of educational level there were 7 individuals (64%) with a primary school education, and 4 participants (36%) with a secondary school or higher education. Ages of participants in this group ranged from 53 to 89 years with a mean (sd) of 69.2 (11.1) years. The total history of disease was 2 to 4 years with a mean (sd) of 3.0 (0.7), and an age of onset ranging from 50 to 86 years with a mean (sd) of 66.3 (11.2) years. MMSE scores ranged from 10 to 20 with a mean (sd) of 14.6 (3.0). (see table 3 ). There were no statistically significant differences in gender (χ2=0.019, p=1.000), age (Z=-1.797, p=0.072), level of education (χ2=2.818, p=0.270), age of onset (Z=-0.776, p=0.438) between the two groups. The differences in length of illness (Z=-3.932, p<0.001) and MMSE scores (Z=-3.927, p<0.001) between the two groups were statistically significant, with the severe VD group having a longer length of illness and more serious cognitive impairment. (see table 3 ). 231 between the moderate AD group and severe AD group The difference of CSF concentrations of P-tau 231 (Z=-2.605, p=0.009) between the two groups was statistically significant. There was no statistically significance difference in the CSF concentration of T-tau (Z=-1.127, p=0.260) between the two groups (see Table  3 ).
Comparisons of the cerebrospinal fluid concentrations of T-tau and P-tau
Comparisons of the cerebrospinal fluid
concentrations of T-tau and P-tau 231 between the AD group and VD group after 6 months follow up
General demographic data and MMSE scores
33.3% (7/21) of participants with AD and 85.7% (6/7) of participants with VD completed the 6 months follow-up.
In the AD group there were 2 males (29%) and 5 females (71%). Educational level of participants was the following: 1 person (14%) was illiterate, 3 people (43%) had a primary school education, and 3 people (43%) had a secondary school education or higher. Ages of participants in this group ranged from 63 to 84 years old with a mean (sd) age of 77.0 (8.9) years. The total length of illness ranged from 3 to 10 years with a mean (sd) of 6.3 (2.1) years, and the age of onset ranged from 57 to 79 years with a mean (sd) of 70.7 (9.1) years. MMSE scores ranged from 0 to 13 with a mean (sd) of 3.1 (5.2). (See table 5 ). ))))))))In the VD Group there were 2 males (33%) and 4 females (44%). Educational level of the participants was as follows: 1 person was illiterate, 3 people had a primary school education only and 2 participants had a secondary education or higher. Within this group the ages ranged from 74 to 82 years old with a mean (sd) age of 77.8 (3.4) years. The total history of illness ranged from 4 to 10 years with a mean (sd) 7.5 (2.6) years, and the age of onset ranged from 64 to 78 years with a mean (sd) of 70.3 (5.3) years. (see  table 4 ). MMSE scores within this group ranged from 0 to 2 with a mean (sd) of 0.7 (0.8) (see table 5 ).
Comparison of MMSE scores and the cerebrospinal fluid concentrations of T-tau and P-tau 231 between the baseline and after 6 months follow-up in the AD group and VD group
In the AD group, the MMSE scores of participants at 6 month follow-up were not significantly different from baseline (Z=0.000, p=1.000). Also, there were also no statistically significant differences in the levels of CSF T-tau (Z = -1.782, p =0.094) and CSF P-tau 231 (Z =-1.153, p =0.313) at baseline and 6 month follow-up (see Table 5 ). Meanwhile, in the VD group, participants MMSE scores at the 6 month follow-up were not significantly different from those at baseline (Z=-1.633, p=0.250). There were also no statistically significant differences in the levels of CSF T-tau (Z=-1.483, p=0.188) and CSF P-tau 231 (Z=-0.135, MMSE 0.00(0.00--8.00) 0.00(0.00--7.00) 0.000 1.000 * Wilcoxon signed rank test was conducted to compare the MMSE scores, cerebrospinal fluid level of T-tau and P-tau231 between baseline and 6 months follow-up in each group.
CSF T-tau
• 277 • p=1.000) between baseline and 6 months follow-up (see Table 5 ).
Discussion 4.1 Findings
In 1993, Vandermeeren and colleagues [3] first reported that the CSF T-tau in individuals with AD was higher than that in normal controls. Later, this conclusion was further supported. [4] However, the use of T-tau was limited to distinguishing AD from other neurological disorders. At present, the level of T-tau may only be considered as an indicator of the severity of axonal injury and neuronal degeneration and necrosis. [5] In addition, the cerebrospinal fluid T-tau in was also reported to be increased in those with VD, [6] [7] [8] , but other reports did not agree with this conclusion. [9] [10] [11] [12] [13] At present, ELISA has been able to quantitatively detect the phosphorylated tau protein at specific sites, which is positively correlated with the concentration of T-tau. Some studies have reported that [14] [15] [16] [17] [18] T-tau and P-tau 231 will increase in the mild cognitive impairment (MCI) stage [19, 20] , and then decrease along with the development of the disease. [19, 21] In the early stage of AD, the changes of T-tau and P-tau231 can be detected before clinical cognitive impairment is detected. Therefore, the changes of T-tau and P-tau 231 can be detected before the clinical symptoms of cognitive impairment occur. This would be helpful for diagnosis and treatment of AD in the early stage, and would be of great benefit to patients.
Our results showed that the concentrations of CSF T-tau and P-tau 231 in the groups with moderate and severe AD were both significantly higher than those seen in the severe VD group. This result is similar to studies published in other countries. [22] [23] [24] Some researchers reported that the concentrations of CSF P-tau 231 and T-tau decreased with the development of the disease. [14] [15] 19] Our results indicated that, compared with the group with moderate AD, the concentrations of CSF P-tau 231 in the group with severe AD was significantly higher (Z=-2.605, p=0.009). However, there was no significant difference in the concentration of T-tau (Z=-1.127, p=0.260). So we speculated that the concentration of CSF P-tau 231 may decrease faster than T-tau. However, the results at the 6 month follow-up showed that there were no statistical differences in the concentrations of CSF T-tau and P-tau231 between baseline and follow-up in the AD and VD groups. These results are consistent with the findings of other studies. [25, 26] 
Limitations
There are several limitations in our study. Cerebrospinal fluid collection is an invasive examination, so its clinical application is greatly restricted. It was very difficult for the patients with dementia to complete the cerebrospinal fluid collection twice, so we did not have many cases and there were even fewer participants who completed the 6 month follow-up. Most of our cases were enrolled from inpatients with moderate and severe AD and the patients with severe VD, among which we could not find many patients with mild dementia. Though we had a longitudinal observation period of 6 months, the follow-up time was relatively short, and the sample size was small.
At present, the most widely used scales for evaluating the severity of dementia are the MMSE and Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-Cog). [27] Assessing the severity of dementia using MMSE is relatively inaccurate, so the scores of many patients with severe AD were 0. ADAS-Cog is mainly used for patients with mild and moderate dementia, and the cases in our study had severe dementia with cognitive functions that had been severely impaired and therefore they could not complete the testing using ADAS-cog, so we decided to use MMSE to grade the severity of dementia.
Implications
In a prospective study, Alessandro and colleagues [28] found that T-tau significantly increased more in the early stage of AD than in the later and more severe stage, indicating that the concentration of T-tau decreased as the disease developed. However, there were also studies reporting that T-tau did not change during the follow-up period, [25] and the concentration of CSF T-tau continued to stably increase for 12 months or longer. [26] The results of the present study show that the concentration of T-tau and P-tau 231 in cerebrospinal fluid may have an increase and followed by a decrease during the course of AD. However, at the 6 month follow-up we found no change in the concentration of CSF T-tau and P-tau 231 . This may be because a 6 month follow up was too short; or because the subjects in our study were moderate and severe dementia cases and the concentration of CSF T-tau and P-tau 231 did not decrease as in the early stage. [28, 29] T h e r e h a v e b e e n m a n y s t u d i e s o n t h e concentrations of CSF T-tau and P-tau and, apart from some minor differences, which they draw the same general conclusions. In recent years, cutoff values for the concentrations of P-tau and T-tau have been proposed for use in the diagnosis and differential diagnosis of AD. [5, 17, 18] However, cutoff values are different in different studies, which may be a result of the differences in cases in the studies, laboratory conditions, sample collection, processing, preservation of samples, or by the disease duration or severity. Our results suggest that the biological markers in the CSF of patients with AD should be classified based on the course and the severity of the disease. The criteria for AD diagnosis can be determined only when the course and severity of the disease is clarified, so that the accuracy of biological markers in AD diagnosis can be improved without misdiagnosis or a missed diagnosis.
There are not many longitudinal studies of the concentration of CSF tau protein in patients with AD. severity of the disease. There are also great differences between how AD progresses in individuals, such as some develop severe dementia in 2 to 3 years while others have only a mild or moderate dementia for as long as 10 years. Given all these factors, a unified standard for the diagnosis of AD has a long way to go.
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